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(g) Information recording and/or reproducing apparatus and information recording and/or reproducing 
method. 

(g) In an information recording/reproducing ap- 
paratus, a recording/reproducing head is 
moved across tracks on a recording medium by 
a linear motor which is controlled to effect a 
seek operation of the head to a target track. A 
CPU for controlling the apparatus judges the 
seek direction of the head and whether the seek 
distance of the head is equal to or greater than a 
predetermined distance, in conformity with a 
recording or reproduction command from a 
host controller on the basis of a logical address 
designated by the host controller and a logical 
address at which the head is positioned. When 
the seek distance is equal to or greater than the 
predetermined distance, the linear motor is acti- 
vated in the seek direction. Then, the iogical 
address designated by the host controller is 
converted into a physical address and a control 
is effected such that the head reaches the target 
track. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an information record- 
ing-reproducing apparatus for recording and repro- 
ducing information on a recording medium such as a 
magnetic disc or a magneto-optical disc. 

Related Background Art 

Generally, in an information recording-reproduc- 
ing apparatus such as a magnetic disc apparatus or 
an optical disc apparatus, when an information re- 
cording or reproduction command is received from an 
external controller, a process of analyzing the com- 
mand is carried out and thereafter, a process for con- 
version from a logical address into a physical address 
is carried out. This conversion process includes a 
process for converting an address substituting the 
defective sector of a recording medium, and a proc- 
ess for converting a logical address into a physical 
address when the recording medium is divided into a 
plurality of zones and sectors constituting tracks dif- 
fer from one another. When a track address for read- 
ing/writing information is thus found, seek control for 
moving a recording-reproducing head to a desired 
track is effected. 

To make the recording-reproducing head seek to 
a desired position, it is necessary to control the ve- 
locity of the head efficiently and move the head rap- 
idly and accurately. Generally, as a velocity control 
system for such a recording-reproducing head, there 
is adopted a control system of determining a prede- 
termined movement schedule (velocity profile), de- 
tecting the velocity of the head in the course of seek 
and applying feedback so as to be along the move- 
ment schedule. Figures 1Aand IBofthe accompany- 
ing drawings show a popular control system, and in 
Figure 1A, V ref is a reference velocity representative 
of the movement schedule velocity, and V n is a veloc- 
ity detected in the course of seek. Also, here is shown 
in Figures 1Aand 1 B the relation between the velocity 
profile and the applied current to a carriage driving 
rough actuator (linear motor for moving the head. The 
reference velocity V ref is a velocity calculated in con- 
formity with the remaining distance to a target, and is 
found from the following equation: 

V ref = [2a(S-X/2N)r« (1) 
where S is the movement distance to the target, X is 
the track pitch, a is the deceleration acceleration, and 
N is the zero cross count value from which the move- 
ment distance can be known. To control the velocity 
of the head, a command value to the linear motor is 
calculated from the target velocity V re f and then the 
current velocity V n at each predetermined cycle, 



whereby feed back is appl ied so that the velocit y of the 
head may follow the target velocity. The command 
value Act to the linear motor is calculated from the fol- 
lowing equation, where K is the feedback gain. 
5 Act = KO^-Vn) (2) 

Thus, as shown in Figure 1B, the linear motor is 
supplied with an acceleration current at first and the 
velocity of the head is accelerated, and when the tar- 
get velocity is reached, the current of the linear motor 

10 turns to a deceleration current, whereafter the head 
decelerates following the target velocity. When the 
head arrives at the target position, the velocity be- 
comes 0 and thus, the seek operation is terminated. 
When the velocity of the recording-reproducing 

15 head is to be detected, the detecting system is used 
properly in the high velocity region and the low veloc- 
ity region of the velocity. Specifically, first in the high 
velocity region, there is used a track counting system 
for detecting the velocity from the number N of tracks 

20 the head has crossed within a predetermined sam- 
pling interval T s . The velocity by this track counting 
system is detected from the following equation: 
V n (A72 N)n" s (3) 
On the other hand, in the low velocity region, 

25 there is used an inter-track counting system for de- 
tecting the zero cross points of a tracking error signal 
and detecting the velocity from the time T d between 
the zero cross points. That is, the distance between 
the zero cross points is 1/2 of the track pitch X and 

30 therefore, if the passage time of this 1/2 pitch is 
known, the velocity could be detected. The velocity V n 
at this time can be found from the following equation: 
V n = (X/2)T d (4) 
Such two velocity detecting systems are selected 

35 in conformity with a predetermined reference veloci- 
ty, and are changed over in such a manner that when 
the velocity of the head is higher than the reference 
velocity value, the track counting system correspond- 
ing to the high velocity region is selected and when 

40 the velocity of the head becomes lower than the ref- 
erence velocity value, the inter-track counting system 
corresponding to the low velocity region is selected. 

Figure 2 of the accompanying drawings shows 
the seek sequence from after the recording-repro- 

45 ducing head receives a command for the access to a 
desired position until it arrives at the desired position. 
When the head receives the command, address cal- 
culation such as converting the logical address into 
the physical address is effected, whereafter the linear 

so motor is driven and seek control is effected. When the 
linear motor is driven, a delay time (rising time) T M is 
created by the coil and static friction or the like of the 
linear motor, and the seek operation is started after 
this delay time T M . Thus, in the prior art, when the ac- 

55 cess of the recording-reproducing head to the desired 
position is to be effected, a system overhead time 



EP0 607 045 A1 



like the time T s required for the address calculation 
and the delay time T M of the linear motor have been 
required besides the actual seek time, and this has 
been a factor which increases the whole access time. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of 
such circumstances and the object thereof is to pro- 
vide an information recording-reproducing apparatus 
in which address calculation is effected within the de- 
lay time of a linear motor, whereby the system over- 
head time can be shortened to thereby make rapid 
access possible. 

The above object of the present invention is ach- 
ieved by an information recording-reproducing appa- 
ratus having moving means for moving a recording- 
reproducing head transversely of the tracks of an in- 
formation recording medium, and control means for 
controlling this moving means to thereby make the re- 
cording-reproducing head seek to a desired track, 
characterized in what when a recording or reproduc- 
tion command is received from a host controller, the 
seek direction of the recording-reproducing head and 
whether the seek distance of the head is equal to or 
greater than a predetermined distance are judged 
from a logical address designated by said host con- 
troller and a logical address at which the recording-re- 
producing head is now positioned, and when the re- 
sult of this judgment is equal to or greater than the pre- 
determined distance, said moving means is activated 
in said seek direction, whereafter the logical address 
designated by said host controller is converted into a 
physical address and the desired track is calculated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and 1B are graphs for illustrating the 
velocity controlling operation of a recording-repro- 
ducing head according to the prior art. 

Figure 2 shows the seek sequence during the ac- 
cess of the recording-reproducing head according to 
the prior art. 

Figure 3 is a block diagram showing an embod- 
iemnt of the information recording-reproducing appa- 
ratus of the present invention. 

Figure 4 shows the access sequence of the em- 
bodiment of Figure 3. 

Figure 5 is a flow chart showing the controlling 
operation during the seek operation of the embodi- 
ment of Figure 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will 



hereinafter be described in detail with reference to 
the drawings. Figure 3 is a block diagram showing an 
embodiment of the information recording-reproduc- 
ing apparatus of the present invention. Herein, de- 
5 scription will be made with an optical disc apparatus 
taken as an example of the information recording-re- 
producing apparatus. In Figure 3, reference numeral 
1 designates an optical disc apparatus for effecting 
the recording and reproduction of information on an 
10 information recording medium. The optical disc appa- 
ratus 1 is connected as an external memory appara- 
tus to a host computer 2. The host computer 2 issues 
various commands to the optical disc apparatus 1, in 
which recording and reproduction are executed on 
15 the basis of the commands. The construction of the 
optical disc apparatus 1 is as follows. 

Reference numeral 3 denotes an optical disc 
which is an information recording medium and is ro- 
tated at a constant velocity by the driving of a drive 
20 system, not shown. Reference numeral 4 designates 
an optical system for optically recording information 
on the optical disc 3 or reproducing the recorded in- 
formation on the optical disc 3. The optical system 4 
is comprised of various optical elements such as a 
25 semiconductor laser which is a light source for record- 
ing and reproduction, an objective lens for converging 
a laser beam from the semiconductor laser into a min- 
ute light spot and applying it onto the optical disc 3, 
and a sensor for detecting the reflected light from the 
30 optical disc 3. Reference numeral 5 denotes a track- 
ing actuator for moving the objective lens in the opt- 
ical system 4 radially of the optical disc 3, and refer- 
ence numeral 6 designates a focusing actuator for 
moving the objective lens in a direction perpendicular 
35 to the plane of the optical disc 3. These two actuators 
5 and 6 and the optical system 4 are unitized as an 
optical head and designed to be movable radially of 
the optical disc 3. Reference numeral 7 denotes a lin- 
ear motor for moving the optical head radially of the 
40 optical disc 3 and making it seek to a desired position, 
and reference numeral 8 designates a driver for driv- 
ing the linear motor 7. 

Reference numeral 9 denotes an error detector 
for detecting a tracking error signal and a focusing er- 
45 ror signal on the basis of the output of the sensor in 
the optical system 4. The error signals obtained in the 
error detector 9 are sent to a CPU 10, by which the 
tracking actuator 5 and the focus actuator 6 are con- 
trolled on the basis of the error signals to thereby ef- 
50 feet tracking control and focusing control. The CPU 
10 is a digital control circuit for controlling the entire 
apparatus, and executes, besides the aforemen- 
tioned tracking control and focusing control, the ana- 
lysis of the commands sent from the host computer 2, 
55 address calculation, seek control, the control of infor- 
mation recording, the control of information repro- 
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duction, etc. Reference numeral 11 designates an A/D 
and D/Aconversion unit for converting command val- 
ues designated by the CPU 1 0 into analog signals and 
outputting them to the tracking actuator 5, the focus- 
ing actuator 6 and the driver 8, or converting the error 
signals detected by the error detector 9 into digital sig- 
nals and outputting them to the CPU 10. Reference 
numeral 1 2 denotes a host interface controller provid- 
ed between the host computer 2 and the CPU 10. 

The operation of the present embodiment will 
now be described with reference to Figures 4 and 5. 
Figure 4 shows the access sequence when the opti- 
cal head is accessed to a desired position, and Figure 
5 is a flow chart showing the controlling operation of 
the CPU 10 during the access. When information is 
to be recorded (or reproduced), a recording command 
is issued from the host computer 2 which is a host 
controller to the optical disc apparatus 1. This com- 
mand is received by the CPU 10 through the host in- 
terface controller 12 (S1). The command is analyzed 
in the CPU 10, and if as a result of the analysis, it is 
judged that a seek operation is necessary, first-order 
address calculation is effected (S2). The first-order 
address calculation is effected in the following man- 
ner. First, the logical address of the optical disc 3 in 
which the optical head is now positioned is compared 
with a desired logical address designated by the host 
computer 2, and whether the seek direction is the in- 
ner periphery side or the outer periphery side is dis- 
criminated. Also, as a result of the comparison be- 
tween the logical addresses, whether the difference 
therebetween is greater than a predetermined value 
is examined, whereby whether the seek is coarse 
seek is judged (S3). 

if the difference between the logical addresses is 
greater than the predetermined value, the coarse 
seek in which the linear motor 7 is driven to move the 
optical head is selected, and if the difference be- 
tween the logical addresses is smaller than the pre- 
determined value, multijump in which a beam of light 
is made to jump by the minute movement of the ob- 
jective lens by the tracking actuator 5 is selected. 
That is, if the desired address is at a position far from 
the current position, it is judged that the seik opera- 
tion by the linear motor 7 is necessary, and if the de- 
sired address is at a position whereat the number of 
tracks to the desired position is approximate to e.g. 
several tens to several hundreds, it is judged that the 
seek operation by the linear motor 7 is unnecessary 
and the jump by the tracking actuator 5 will suffice. 
Thus, the seek direction and the seek mode are 
judged on the basis of the result of the first-order ad- 
dress calculation (S3), and if it is judged that the seek 
mode is the coarse seek by the linear motor 7, the 
CPU 10 activates the linear motor 7 (S4) and also, 
track count is started and seek control is started (S5). 



When seek control is started, the CPU 10 exe- 
cutes second-order address calculation for convert- 
ing the original logical address designated by the host 
computer 2 into a physical address (S6), and sets a 

5 targetaddress (targettrack) by the result thereof (S7). 
When the target address is determined, the CPU 10 
starts the velocity control of the optical head as pre- 
viously described. The sequence after a command is 
received is shown in Figure 4, and when the com- 

10 mand is received, first-order address calculation is 
first effected and from the result thereof, the seek 
mode is selected, and when the seek mode is judged 
to be the coarse seek by the linear motor, the linear 
motor (LM) is activated. Second-order address is 

15 then calculated, and when the target address is deter- 
mined velocity control is started. 

The seek velocity controlling operation has been 
previously described in detail and therefore will be de- 
scribed briefly here. The track count value of a coun- 

20 ter, not shown, is first input to the CPU 10 (S8). When 
the beam of light crosses the information tracks, one 
period of the tracking error signal corresponds to one 
track and therefore, the number of tracks the beam of 
light has crossed can be known by counting the track- 

25 ing error signal. The CPU 10 then calculates a refer- 
ence velocity Vref on the basis of the track count val- 
ue, and also calculates the current velocity Vn by the 
afored escribed track counting system or the inter- 
track counting system (S9). The reference velocity is 

30 calculated from the aforementioned equation (1 ), and 
the current velocity is calculated from equation (3) or 
(4). The CPU 10 calculates the control amount of the 
linear motor 7 on the basis of the target velocity and 
current velocity thus obtained (S10), and outputs it to 

35 the driver 8 (S11). Thus, the linear motor 7 is driven 
with a designated control amount, and feedback is ap- 
plied thereto so that the linear motor may follow the 
target velocity. The control amount is calculated from 
the aforementioned equation (2). 

40 The series of processes of steps S8-S11 in the 

above-described velocity control are carried out in 
each predetermined period and as a result, as shown 
in Figure 4, the optical head seeks in accordance with 
a predetermined velocity profile. That is, at first, the 

45 optical head is accelerated toward the target velocity, 
and when it reaches the target velocity, it is deceler- 
ated following the target velocity. When the optical 
head arrives at a desired track, the beam of light is fi- 
nally drawn onto the desired track and a series of data 

so transferred from the host computer 2 are recorded. 
On the other hand, if at S3, the seek mode is judged 
to be multijump, the CPU 1 0 effects second-order ad- 
dress calculation similar to that of S6 (S12), and 
starts the control of the multijump toward the desired 

55 address obtained. That is, the jump operation of the 
beam of light by the tracking actuator 5 is performed 
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and the beam of light is drawn onto the desired track. 
When the beam of light is thus drawn onto the desired 
track, a series of data transferred from the host com- 
puter 2 are likewise recorded. Of course, when a re- 
production command is received from the host com- 
puter 2, the information of the desired track is repro- 
duced and the reproduced data are transferred to 
the host computer 2 by the control of the CPU 10. 

As described above, in the present embodiment, 
when a recording or reproduction command is re- 
ceived, the seek direction and whether the seek dis- 
tance is equal to or greater than a predetermined dis- 
tance are judged at first and whether the seek mode 
is the seek by the linear motor or the seek by multi- 
jump is determined, and if the seek mode is the seek 
by the linear motor, the linear motor is activated, 
where-after the logical address designated by the 
host computer is converted into a physical address 
and a desired track is found, whereby address calcu- 
lation can be effected within the delay time (rising 
time) of the linear motor and the access time can be 
correspondingly shortened. That is, when as shown 
in Figure 4, the time from after the command is re- 
ceived until the first-order address calculation for 
judging the seek direction and the seek mode is T S1 
and the calculation time of second-order address dur- 
ing which the logical address is converted into a phys- 
ical address and a desired track is calculated in T S2 
and the delay time of the linear motor T M , first-order 
and second-order address calculations have hereto- 
fore been effected before the activation of the linear 
motor, while in the present embodiment, second-or- 
der address calculation is effected within the delay 
time of the linear motor and therefore, it becomes 
possible to shorten the access time by an amount 
substantially corresponding to the second-order ad- 
dress calculation time T S2 . 

The term "logical address" used herein refers to 
an address logically indicative of the arrangement of 
data, and the term "physical address" refers to a 
physical address on the medium. These are well- 
known terms. 

The present invention is not restricted to the 
above-described embodiment, but of course, various 
constructions are possible without departing from 
the gist of the invention. 

For example, in the embodiment, description has 
been made with an optical disc apparatus taken as an 
example of the information recording-reproducing ap- 
paratus, whereas the present invention is not restrict- 
ed thereto, but is also applicable to a magnetic disc 
apparatus and the like. 

The present invention is also applicable to an ap- 
paratus in which control is effected with the physical 
address at the beginning or in which recording or re- 
production is effected without the logical address be- 



ing converted into the physical address. 

In that case, when for example, a target address 
is given, this target address is compared with the cur- 
rent address, and the seek direction and whether the 

5 seek distance is equal to or greater than a predeter- 
mined distance are judged, and if the seek distance 
is equal to or greater than the predetermined dis- 
tance, seek is started. Thereafter, a predetermined 
process such as calculating the accurate position of 

10 the target address on the recording medium or calcu- 
lating the velocity profile of the head can be carried 
out. 

As described above, the present invention has 
the effect that address calculation for converting the 

15 logical address into the physical address is effected 
within the rising time during the activation of the mov- 
ing means, whereby the system overhead time can 
be shortened by an amount corresponding to the ad- 
dress calculation and the access time of the appara- 

20 tus can be speeded up. 



Claims 

25 1. An information recording and/or reproducing ap- 
paratus having moving means for moving a re- 
cording and/or reproducing head transversely of 
the tracks of an information recording medium, 
and control means for controlling said moving 

30 means to thereby make said head seek to a de- 

sired track, said apparatus having: 

judging means for judging the seek direc- 
tion of said head and whether the seek distance 
of said head is equal to or greater than a prede- 

35 ter mined distance, in conformity with a recording 

or reproduction command from a host controller 
on the basis of a logical address designated by 
said host controller and a logical address at which 
said head is positioned; 

40 means for instructing said control means 

to activate said moving means in said seek direc- 
tion when said seek distance is equal to or great- 
er than said predetermined distance; and 

means for converting the logical address 

45 designated by said host controller into a physical 

address and calculating said desired track after 
said instructing means has given instructions to 
said control means. 



50 



55 



2. The information recording and/or reproducing 
apparatus of Claim 1, further having second in- 
structing means for instructing said control 
means so that said head may arrive at the desired 
track calculated by said calculating means. 

3. An information recording and/or reproducing ap- 
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paratus having: 

an optical head having a semiconductor 
laser, an objective lens for directing the lightfrom 
said laser to an information recording medium, a 
sensor for detecting the reflected light from said 5 
information recording medium, a tracking actua- 
tor and a focusing actuator for moving said objec- 
tive lens; 

a linear motor for moving said optical head 
transversely of the tracks of said information re- 10 
cording medium; 

a driver for driving said linear motor; and 
a CPU for controlling the whole of said ap- 
paratus; 

wherein said CPU judges the seek direc- 15 
tion of said head and whether the seek distance 
of said head is equal to or greater than a prede- 
termined distance in conformity with a recording 
or reproduction command from a host controller 
on the basis of a logical address designated by 20 
said host controller and a logical address at which 
said optical head is positioned, and when the 
seek distance is equal to or greater than said pre- 
determined distance, said CPU instructs said 
driver to activate said linear motor in said seek di- 25 
rection, and thereafter converts the logical ad- 
dress designated by said host controller into a 
physical address and calculates a desired track, 
and controls said driver so that said optical head 
may arrive at said desired track. 30 

4. An information recording and/or reproducing 
method having the steps of: 

judging the seek direction of a head and 
whether the seek distance of said head is equal 35 
to or greater than a predetermined distance, in 
conformity with a recording or reproduction com- 
mand from a host controller on the basis of an ad- 
dress designated by said host controller and an 
address at which said head is positioned; 40 

activating moving means in said seek di- 
rection when said seek distance is equal to or 
greater than said predetermined distance; 

carrying out a predetermined process for 
said head to arrive at said designated address; 45 
and 

controlling said moving means on the ba- 
sis of the result of said predetermined process so 
that said head may arrive at said designated ad- 
dress. 50 

5. A method of controlling moving means for moving 
a recording and/or reproducing head transverse- 
ly of the tracks of an information recording me- 
dium, to thereby make said head seek to a de- 55 
sired track and effect the recording and/or repro- 



duction of information, said method having the 
steps of: 

judging the seek direction of said head and 
whether the seek distance of said head is equal 
to or greater than a predetermined distance, in 
conformity with a recording or reproduction com- 
mand from a host controller on the basis of a log- 
ical address designated by said host controller 
and a logical address at which said head is posi- 
tioned; 

activating said moving means in said seek 
direction when said seek distance is equal to or 
greater than said predetermined distance; 

converting the logical address designated 
by said host controller into a physical address 
and calculating said desired track; and 

controlling said moving means so that said 
head may arrive at said desired track. 

6. An information recording and/or reproducing ap- 
paratus comprising means for moving a recording 
and/or reproducing head and the tracks of an in- 
formation recording medium relative to each 
other so as to access different tracks, and means 
for effecting calculation of the address of the next 
track to be accessed during the delay time of the 
moving means. 

7. An information recording and/or reproducing 
method comprising the steps of: moving a record- 
ing and/or reproducing head and the tracks of an 
information recording medium relative to each 
other so as to access different tracks; and calcu- 
lating the address of the next track to be ac- 
cessed during the delay time between a signal in- 
dicating that relative movement of the head and 
tracks is to take place and the time at which said 
movement starts to take place. 
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